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To display an image on an electronic paper display properly,
Assignee: NEC LCD Technologies, Ltd., even when image data is transmitted continuously from a host
Kawasaki (JP) of'the existing LCD display system, for example. A sampling
section inputs a single image data by each prescribed period
Appl. No.: 12/980,040 from a plurality of pieces of continuously transmitted image
data corresponding to one screen of the electronic paper dis-
Filed: Dec. 28,2010 play. A difference detecting section detects a difference
. L L amount showing a difference between previous image data
Foreign Application Priority Data and latter image data of two pieces of consecutive image data
inputted by the sampling section, and determines to perform
Dec. 28, 2009 (JP) ................................. 2009-298047 screen update by using the latter image data when the differ-
Publication Classificati ence value is equal to or larger than a threshold value. A
ublication Classification driving section generates a driving signal of the latter image
(51) Int.CL data and outputs the signal to the electronic paper display,
G09G 5/10 (2006.01) when the screen update is determined by the difference
GO6F 3/038 (2006.01) detecting section.
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IMAGE DISPLAY CONTROL DEVICE,
IMAGE DISPLAY DEVICE, IMAGE DISPLAY
CONTROL METHOD, AND IMAGE DISPLAY

CONTROL PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2009-
298047, filed on Dec. 28, 2009, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an image display
control device and the like, which output screen display driv-
ing signals to an electronic paper display that displays a
refresh screen before updating and displaying the screen.
[0004] 2. Description of the Related Art

[0005] As a measure for displaying contents, recently, a
contents display device for substituting paper has been
socially demanded. Examples of such contents display device
are a browser terminal having a display screen of AS to A4
size with which news updated on time (e.g., latest newspaper
contents automatically distributed from a server) can be
viewed, and a large-scaled advertisement bulletin board hav-
ing a display screen of A2 to Al size or larger put up in train
stations and the like. Such contents display devices are
required to exchange contents by being radio-connected to a
server and to operate in low power consumption without
imposing a load on environments by receiving supply of
power from a secondary battery, a solar battery, and the like.
[0006] In this case, it is desirable to structure the contents
display device with a display of a large screen having a
high-definition memory characteristic and a display circuit of
low power consumption with a small number of components.
For example, a contents display device called a book viewer
Kindle, which is a product of Amazon.com.Inc., carries an
A6-size electronic paper display having the resolution of
SVGA (Super Video Graphics Array, 800x600 pixels) using a
microcapsule-type electrophoresis display element that is a
product of E Ink Corporation of US. This product has a
function capable of radio-connecting to contents servers via
the Internet, and books, blogs, newspapers, magazines, and
the like are directly downloaded and displayed on the elec-
tronic paper display online without using a personal com-
puter.

[0007] FIG. 15 is a schematic sectional view showing a
display unit of an electronic paper display of this kind Here-
inafter, explanations will be provided by referring to this
drawing.

[0008] This electronic paper display uses a microcapsule-
type electrophoresis display element. A display unit 80 is
formed by laminating a TFT (Thin Film Transistor) glass
substrate 81, an electrophoresis element film 82, and a
counter substrate 83. TFTs 84 as switching elements and
pixel electrodes 85 connected to the TFTs 84 are provided on
the TFT glass substrate 81. In the electrophoresis element
film 82, microcapsules 87 of about 40 um are spread all over
inside a polymer binder 86. A solvent 88 is impregnated
inside the micro capsules 87, and an infinite number of nega-
tively charged white pigments 89 and positively charged
black pigments 90 in a nano-level size float in the solvent 88.
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In the counter substrate 83, a counter electrode 91 for giving
a reference potential is formed.

[0009] Inthe display section 80, a voltage corresponding to
image data is applied between the pixel electrode 85 and the
counter electrode 91, so that the white pigments 89 and the
black pigments 90 move up and down. For example, provided
that the counter electrode 91 side is the display screen, when
a positive voltage is applied to the pixel electrode 85, the
negatively charged white pigments 89 move close to the pixel
electrode 85. Thus, black is displayed. In the meantime, when
a negative voltage is applied to the pixel electrode 85, the
positively charged black pigments 90 move close to the pixel
electrode 85. Thus, white is displayed. Further, the electro-
phoresis display element has the memory characteristic.
Therefore, a negative voltage is applied when switching the
pixel data of an image from white to black, while applying a
positive voltage when switching the pixel data from black to
white. Further, when displaying the pixel data from white to
white and from black to black, “0V” is to be applied. That is,
for driving the electronic paper display, the signal voltage to
be applied to the electrophoresis display element is deter-
mined by comparing a previous screen with a next screen.
[0010] Next, a general explanation of the electronic paper
display using the electrophoresis display element will be
provided.

[0011] With an active-matrix type display device such as a
liquid crystal display device, normally, the whole image on
one frame is switched by having Yeo (=16.6) ms (millisec-
onds) as one frame. In the meantime, with the electronic paper
display using the electrophoresis display element, the
response speed of the electrophoresis display element is slow.
Thus, the screen cannot be switched unless the voltage is
continuously applied over a plurality of frame periods. There-
fore, pulse width modulation (PWM) drive, which continu-
ously apply a certain voltage for a plurality of frame periods,
is conducted. The driving waveform in the pulse width modu-
lation drive is determined with a lookup table based on pre-
vious screen data and update screen data. Then, a plurality of
data frames are generated with the lookup table, and the pixel
array of the electrophoresis display elements is addressed
based on the data frames.

[0012] It becomes possible to make selections from a two-
value monochrome update mode, a multi-value gradation
update mode, and the like by preparing a plurality of lookup
tables. Note here that the monochrome update mode is used
for an electrophoresis display element having two important
optical states such as black and white, and it is suited for
displaying typed characters and lines, for example. An image
update period under the monochrome update mode is in an
order of 400 ms, since the transition time by an electrophore-
sis ink (pigment) is relatively long. The gradation update
mode requires more time for properly writing a prescribed
gradation level on the display unit. For the image update
period under the gradation update mode, about 1000 ms is
required in a case of four gradation levels, i.e., white, light
gray, dark gray, and black, for example.

[0013] As an example of a driving method of the above-
described electronic paper display, there is a driving method
of a bistable electronic optical display depicted in Japanese
Unexamined Patent Publication 2007-249230 (Patent Docu-
ment 1). This method includes a stage of accepting drawing
information of a keyboard, a touch screen, a pointer, or the
like and determining at least one drawing mode waveform
based on the drawing information, and a stage of addressing
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the pixel array of the electrophoresis display element based
on the drawing information and the drawing mode waveform.
[0014] That is, in the case disclosed in Patent Document 1,
a drawing mode of an electronic paper controller is deter-
mined based on the drawing information transmitted from a
host such as a CPU (Central Processing Unit), and update of
the drawing is conducted thereby. More specifically, the host
such as the CPU transmits the pixel information such as the
lookup table (data frame time, information regarding draw-
ing, driving waveform, and the like), image data (keyboard
input, drawing input, pointer input, or the like), etc., to an
electronic paper controller. Then, the electronic paper display
updates the screen based on the pixel information.

[0015] Further, Japanese Unexamined Patent Publication
2004-101746 (Patent Document 2) discloses a case of deter-
mining update timings of image data by using a timer for
reducing the load of a CPU in an electronic paper display.
Japanese Unexamined Patent Publication 2007-163987
(Patent Document 3) discloses a case of displaying a refresh
screen before updating and displaying a screen in an elec-
tronic paper display.

[0016] Japanese Unexamined Patent Publication 2002-
116733 (Patent Document 4: see paragraph 0095) and Japa-
nese Unexamined Patent Publication 2002-116734 (Patent
Document 5: see paragraph 0114) disclose a technique which
updates a screen by applying a prescribed voltage to pixel
electrodes in a period according to a difference between a
gradation to be displayed next and a current gradation in an
electrophoresis display device.

[0017] Japanese Unexamined Patent Publication 2008-
158162 (Patent Document 6: see Abstract) discloses a tech-
nique which invalidates motion compensation between an
n-th frame and an (n+1)-th frame in a case where an image of
an (n-1)-th frame and an image of the n-th frame are substan-
tially the same in an image display device.

[0018] Japanese Unexamined Patent Publication 2009-
092906 (Patent Document 7: see Abstract) discloses a tech-
nique which suppresses flickers generated due to switching of
the polarities in a liquid crystal display device through con-
trolling not to invert the polarity of the liquid crystal driving
voltage, when the number of counted the time (the difference
between index values of two consecutive frames reaches a
threshold value) exceeds a prescribed value.

[0019] Japanese Unexamined Patent Publication 2007-
530984 (Patent Document 8: see Abstract) discloses a tech-
nique which suppresses power consumption of an electro-
phoresis display panel through updating only sub-groups of
pixels that display a gray scale of a current image frame,
which is different from a gray scale displayed on a previous
image frame.

[0020] Incidentally, there is a market where an electronic
paper display is used for a character display board which
displays “hold breath”, etc., when taking an X-ray, and dis-
plays directions for the casts in TV stations, for example. In
such market, there already exists a system for enabling dis-
playsonan LCD (Liquid Crystal Display). Thus, it is required
to enable displays on an electronic paper display without
changing the existing LCD display system.

[0021] In that case, the host such as the CPU does not
transmit image data at the timing where the screen of the
electronic paper display switches. The host continuously
transmits the image data in the same manner as the case of
transmitting the image data to the LCD, and the electronic
paper controller receives the transmitted image data. At this
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time, as depicted in Patent Document 2, it is assumed that the
electronic paper controller captures or samples the image data
and updates the screen in a prescribed period. In that case, the
screen of the electronic paper display becomes switched in a
blinking manner because the electronic paper display dis-
plays an update screen after inserting a refresh screen config-
ured with a black display or a white display to a previous
screen. As a result, even the screens of the same display
content are switched in a blinking manner in a prescribed
period. Thus, in the above-described case, for example, the
user may misunderstand the instruction to “hold breath” once
again.

[0022] Therefore, with the electronic paper display, an
algorithm for judging whether or not to rewrite the screen is
required in addition to capturing and sampling the screen data
in a prescribed period for the image data inputted continu-
ously. Further, regarding whether or not to perform rewriting,
it is preferable to be able to autonomously select each of the
driving modes by automatically detecting whether it is screen
update for a movement like a moving picture of a mouse or
screen update for a sill picture, since there is a case that
requires amovement like a moving picture of the mouse or the
like depending on the usages.

[0023] The reason for selecting the moving-picture screen
update and the still-picture screen update in the electronic
paper display is as follows. In a case of the moving-picture
screen update by keyboard input, drawing input, pointer
input, or the like, required is a relatively short image update
time. That is, it is important for the visibility to instantly
update the drawing, the typing characters, and the like. Thus,
it is necessary to execute the update in a shorter time than the
time length of' 400 ms to 1000 ms, which is the typical update
speed of the electronic paper display. Therefore, the instant
responsiveness (=update speed) is prior to the beautifulness
and preciseness of the drawing. In the meantime, in a case of
updating a text including a still picture such as a PDF file, at
least 16 gradients or more is required, and gradient as well as
beautifulness and preciseness of the drawing are prior to the
update speed. As described, the priority items for the screen
update vary for the moving-picture screen update and the
still-picture update, and it is necessary to switch the driving
mode based thereupon.

[0024] Asdescribed above, itis presupposed that the image
is updated in the electronic paper display of the related tech-
nique by a request from the host (CPU). Thus, a special
update signal is required when using an existing LCD display
system. However, there is no such consideration being taken.
Therefore, when the electronic paper display is to be con-
nected to the existing LCD display system without applying a
major change to the system, the screen becomes switched in
a prescribed period according to the image data transmitted
continuously. Thus, even when the same information is being
displayed, the user may misunderstand that new information
is displayed.

[0025] Therefore, it is preferable for the electronic paper
display to autonomously judge whether or not to update the
screen and whether to perform the moving-picture screen
update or the still-picture screen update. However, there is no
related technique which discloses with what algorithm the
image data is captured and sampled, and the screen is rewrit-
ten in regards to the image data transmitted continuously.
[0026] It is therefore an exemplary object of the present
invention to disclose an image display control device and the
like, which can properly display an image on an electronic
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paper display even when the image data is transmitted con-
tinuously from a host of an existing L.CD display system, for
example.

SUMMARY OF THE INVENTION

[0027] The image display control device according to an
exemplary aspect of the invention is characterized as an
image display control device which outputs a driving signal
for screen display to an electronic paper display that displays
a refresh screen before updating and displaying a screen, and
the image display control device includes: a sampling section
that inputs one piece of image data in every prescribed period
from a plurality of continuously transmitted image data
which corresponds to one screen of the electronic paper dis-
play; a difference detecting section that detects a difference
amount showing a difference between previous image data
and latter image data of two pieces of the consecutive image
data inputted by the sampling section, and determines to
perform screen update by using the latter image data when the
difference amount is equal to or larger than a threshold value;
and a driving section that generates the driving signal for the
latter image data and outputs the driving signal to the elec-
tronic paper display when the screen update is determined by
the difference detecting section.

[0028] The image display control method according to
another exemplary aspect of the invention is characterized as
an image display control method for outputting a driving
signal for screen display to an electronic paper display that
displays a refresh screen before updating and displaying a
screen, and the image display control method includes: input-
ting one piece of image data in every prescribed period from
a plurality of continuously transmitted image data which
corresponds to one screen of the electronic paper display;
detecting a difference amount showing a difference between
previous image data and latter image data of two pieces of the
consecutive input image data, and determining to perform
screen update by using the latter image data when the differ-
ence amount is equal to or larger than a threshold value; and
generating the driving signal for the latter image data and
outputting the driving signal to the electronic paper display
when the screen update is determined.

[0029] The image display control program according to
still another exemplary aspect of the invention is character-
ized as an image display control device program for causing
a computer to function as a module which outputs a driving
signal for screen display to an electronic paper display that
displays a refresh screen before updating and displaying a
screen, and the image display control program causes the
computer to function as: a module that inputs one piece of
image data in every prescribed period from a plurality of
continuously transmitted image data which corresponds to
one screen of the electronic paper display; a module that
detects a difference amount showing a difference between
previous image data and latter image data of two pieces of the
consecutive input image data, and determines to perform
screen update by using the latter image data when the differ-
ence amount is equal to or larger than a threshold value; and
a module that generates the driving signal for the latter image
data and outputs the driving signal to the electronic paper
display when the screen update is determined.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1isablock diagram showing the overall struc-
ture of a first exemplary embodiment;
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[0031] FIG. 2 is a block diagram showing a display con-
troller of the first exemplary embodiment;

[0032] FIG. 3 is a block diagram showing a difference
detecting section of the first exemplary embodiment;

[0033] FIG. 4 is a circuit diagram showing a part of an
electronic paper display of the first exemplary embodiment;
[0034] FIG. 5 is a first explanatory chart showing a driving
method of the electronic paper display of the first exemplary
embodiment;

[0035] FIG. 6 is a second explanatory chart showing the
driving method of the electronic paper display of the first
exemplary embodiment;

[0036] FIGS. 7A-7B are third explanatory charts showing
the driving method of the electronic paper display of the first
exemplary embodiment;

[0037] FIG. 8 is a sequence chart showing operations of the
display controller of the first exemplary embodiment;
[0038] FIG. 9 is a block diagram showing a display con-
troller of a second exemplary embodiment;

[0039] FIG. 10 is a block diagram showing a difference
detecting section of the second exemplary embodiment;
[0040] FIG. 11 is a sequence chart showing operations of
the display controller of the second exemplary embodiment;
[0041] FIGS. 12A-12C are first explanatory charts showing
a driving method of the electronic paper display of the second
exemplary embodiment;

[0042] FIGS. 13A-13D are second explanatory charts
showing the driving method of the electronic paper display of
the second exemplary embodiment;

[0043] FIG. 14 is a third explanatory chart showing the
driving method of the electronic paper display of the second
exemplary embodiment; and

[0044] FIG. 15 is a schematic sectional view showing a
display unit of an electronic paper display.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0045] FIG.1is a block diagram showing the overall struc-
ture of a first exemplary embodiment. FIG. 2 is a block
diagram showing a display controller of the first exemplary
embodiment. Hereinafter, explanations will be provided by
referring to FIG. 1 and FIG. 2.

[0046] A display controller 10 as an image display control
device of the first exemplary embodiment outputs driving
signals for screen display to an electronic paper display 20
which displays a refresh screen before updating and display-
ing a screen, and the display controller 10 includes a sampling
section 11, a difference detecting section 12, and a driving
section 13. The sampling section 11 inputs a single piece of
image data by each prescribed period from a plurality of
pieces of continuously transmitted image data corresponding
to one screen of the electronic paper display 20. The differ-
ence detecting section 12 detects a difference amount show-
ing a difference between previous image data and latter image
data of two pieces of consecutive image data inputted by the
sampling section 11, and determines to update screen by
using the latter image data when the difference value is equal
to or larger than a threshold value. The driving section 13
generates a driving signal of the latter image data and outputs
the signal to the electronic paper display 20, when the screen
update is determined by the difference detecting section 12.
An image display control device 30 of the first exemplary
embodiment includes the display controller 10 and the elec-
tronic paper display 20.
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[0047] With the display controller 10, it is possible to avoid
screen update by the image data that is same as the previous
image data through determining to update the screen by using
the latter image data when a difference amount showing the
difference between two pieces of consecutively inputted
image data is equal to or larger than a prescribed value. This
makes it possible to prevent insertion of an unnecessary fresh
screen in the electronic paper display 20, so that it is possible
to dissipate such problem of displaying a same image in a
blinking manner. Therefore, it is possible to display an image
properly on the electronic paper display 20 even when the
image data is transmitted continuously from the host of the
existing LCD display system, for example.

[0048] Further, the difference detecting section 12 com-
pares a gray scale of the previous data and a gray scale of the
latter data by each pixel configuring the screen, for example,
and takes the number of pixels where those two gray scales do
not match with each other as the difference amount.

[0049] The display controller 10 is mounted on an elec-
tronic paper module substrate 31 along witha ROM 15 having
a LUT (lookup table) storage section 14, a frame memory 16
configured with a RAM, a secondary battery 32, a power
supply management section 33, a display power supply cir-
cuit 34, and the like. The electronic paper display 20 includes
a display unit 21, a gate driver 22, a data driver 23, and the
like.

[0050] Inother words, the display controller 10 samples the
image data continuously transmitted from the host (PC: Per-
sonal Computer) by every prescribed period, detects the dif-
ference amount (or movement amount) between the sampled
screen and the previous screen, and compares the difference
amount with a proper threshold value to make judgment to
update the screen when the difference amount is equal to or
larger than the threshold value and not to update the screen
when the difference amount is less than the threshold value.
[0051] An image display control method of the first exem-
plary embodiment is an invention implemented by taking the
operations of the display controller 10 as a method. That is,
the image display control method of the first exemplary
embodiment is the image display control method for output-
ting screen display driving signals to the electronic paper
display 20 which displays a refresh screen before updating
and displaying a screen, and the method includes following
steps of (1) to (3). (1) A step which inputs a single piece of
image data by every prescribed period from a plurality of
pieces of continuously transmitted image data corresponding
to one screen of the electronic paper display 20. (2) A step
which detects a difference amount showing a difference
between previous image data and latter image data of two
pieces of consecutive image data, and determines to update
the screen by using the latter image data when the difference
value is equal to or larger than a threshold value. (3) A step
which generates a driving signal of the latter image data and
outputs the signal to the electronic paper display 20, when the
screen update is determined.

[0052] Each function of the display controller 10 can be
achieved by hardware or by software. In a case where each
function of the display controller 10 is achieved by software,
an image display control program of the first exemplary
embodiment is used. That is, the image display control pro-
gram of the first exemplary embodiment is for enabling a
computer to achieve each function of the sampling section 11,
the difference detecting section 12, and the driving section 13.
The image display control program of the first exemplary
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embodiment is an image display control program for enabling
a computer to function as a measure for outputting a driving
signal for screen display to the electronic paper display 20
which displays a refresh screen before updating and display-
ing a screen, and it is for enabling the computer to function as
three following measure. That is, a measure (the sampling
section 11) for inputting a single piece of image data by every
prescribed period from a plurality of pieces of continuously
transmitted image data corresponding to one screen of the
electronic paper display 20, a measure (the difference detect-
ing section 12) for detecting a difference amount showing a
difference between previous image data and latter image data
of'two pieces of consecutive input image data, and determin-
ing to update the screen by using the latter image data when
the difference value is equal to or larger than a threshold
value, and a measure (the driving section 13) for generating a
driving signal of the latter image data and outputs the signal to
the electronic paper display, when the screen update is deter-
mined. The computer may be in a typical structure configured
with a CPU, a ROM (Read Only Memory), a RAM (Random
Access Memory), a bus, an input/output interface, and the
like. In this case, the CPU reads out, interprets, and executes
the image display control program of the first exemplary
embodiment stored in the ROM or the RAM.

[0053] The image display control method and the image
display control program of the first exemplary embodiment
achieve the same operations and effects as those of the display
controller 10. Other structures of the image display control
method and the image display control program according to
the present invention follow other structures of the image
display control device according to the present invention.

[0054] FIG. 3 is a block diagram showing the difference
detecting section illustrated in FIG. 2. FIG. 4 is a circuit
diagram showing a part of the electronic paper display illus-
trated in FIG. 1. The first exemplary embodiment will be
described in more details by referring to FIG. 1-FIG. 4.

[0055] As shown in FIG. 1, the image display device 30 is
configured with the electronic paper display 20 and the elec-
tronic paper module substrate 31. The electronic paper dis-
play 20 is configured with the display unit 21, a gate driver 22,
and a data driver 23. The display unit 21 is a memory-type
display. As shown in FIG. 4, the circuit structure of the display
unit 21 is formed with data lines 212 of prescribed columns,
scan lines 211 of prescribed rows, and pixels 214 provided at
intersection points of each of the data lines 212 and each of
the scan lines 211. Each pixel 214 is configured with an
electrophoresis display element 213. In this case, the display
unit 21 uses the microcapsule type electrophoresis display
element 213 having the resolution of UXGA (Ultra Extended
Graphics Array, 1600x1200 pixels) in A4 size, for example,
and it is in a same sectional structure as that of the display unit
80 shown in FIG. 15.

[0056] As shown in FIG. 1 and FIG. 4, the data driver 23
writes the pixel data based on a data signal da (driving signal)
supplied from the electronic paper module substrate 31 to
each data line 212 according to a control signal ctl (driving
signal) supplied from the electronic paper module substrate
31. Particularly, in the first exemplary embodiment, the data
driver 23 is configured with a three-value driver which can
output +15V, 0V, and -15V from two-value input data. The
gate driver 22 outputs scan-line driving signals for driving
each of the scan lines 211 in a prescribed order (in line
sequence, for example) based on a control signal ct2 (driving
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signal) supplied from the electronic paper module substrate
31 as in the case of a typical LCD gate driver.

[0057] As shown in FIG. 1, the electronic paper module
substrate 31 is configured with: the display controller 10; the
frame memory 16 formed with a RAM; the ROM 15 having
the LUT storage section 14 for storing lookup table data for
determining driving waveforms; the power supply manage-
ment section 33; and the like. The frame memory 16 is a
storage section for storing image data (previous image data)
of'a previous screen and image data (latter image data) of an
update screen. Continuously transmitted image data such as
NTSC (National Television System Committee), DVI (Digi-
tal Video Interactive), HDMI (High Definition Multimedia
Interface), and the like reach the display controller 10. The
display controller 10 samples the image data, analyses the
image data, and updates the display screen of the electronic
paper display 20 when the currently displayed image data
(previous image data) on the screen and newly sampled image
data (latter image data) are different.

[0058] As shown in FIG. 2, the display controller 10 is
configured with the sampling section 11, the difference
detecting section 12, and the driving section 13. The sampling
section 11 samples the continuously transmitted image data
in 1 s (second) period, for example, and fetches the data into
the frame memory 16. The difference detecting section 12
receives a Req signal from the sampling section 11, and
detects the number of pixels exhibiting a difference between
the fetched image data and the image data of the previous
screen over the entire screen. Subsequently, the difference
detecting section 12 outputs a screen update signal to the
driving section 13 when the number is equal to or larger than
a threshold value set in advance, but does not output the
screen update signal to the driving section 13 when the num-
ber is less than the threshold value. The driving section 13
starts an operation upon receiving the update signal from the
difference detecting section 12. The driving section 13 reads
out the image data of the previous screen and the image data
of an update image from the frame memory 16, determines
the driving waveform corresponding to those image data
based on the lookup table data, generates the driver data
(driving signal), and generates control signals (driving sig-
nals) of the data driver 23 and the gate driver 22.

[0059] As shown in FIG. 3, the difference detecting section
12 includes a comparing section 121, a counter 122, and an
update signal outputting section 123. The comparing section
121 compares a pixel (1, J) of the previous screen with a pixel
(I, J) of the update screen. The pixel (I, J) indicates the pixel
214 provided at an intersection point between the I-th data
line 212 and the J-th scan line 211, for example, in the case of
FIG. 4. The counter 122 calculates the difference amount by
counting up all the pixels to check whether or not the data
values are different between the previous screen and the
update screen. The total sum of the pixels where the data
values between the both screens are different in the entire
screen counted by the counter 122 is taken as the difference
amount. The update signal outputting section 123 outputs an
update signal when the count value is equal to or larger than
a threshold value, but does not output the update signal when
the count values is less than the threshold value.

[0060] FIG. 4 is an illustration showing the electrical struc-
ture of the main part of the display unit 21 and the data driver
23 of FIG. 1. As shown in FIG. 4, the display unit 21 is
configured with the scan lines 211, - - -, 211, the data lines
212, - - -, 212, TFTs 84, - - -, 84, and the electrophoresis
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display elements 213, - - -, 213. As shown in FIG. 4 and FIG.
15, in the display unit 21, a gate electrode 841 of each TFT 84
is connected to the corresponding scan line 211, and a source
electrode 842 is connected to the corresponding data line 212.
Further, a pixel electrode 85 is connected to a drain electrode
843 of each TFT 84, and the electrophoresis display element
213 is disposed between the pixel electrode 85 and a counter
electrode 91.

[0061] Asshown in FIG. 4, the data driver 23 is configured
with a selection signal generating circuit 231 and a voltage
section circuit 232. The voltage selection circuit 232 is con-
figured with transistors 232a, 2325, and 232¢. With this data
driver 23, the transistor 2325 comes to an on state when the
data signal da is “00” or “11”, and a driving voltage (applied
voltage) of 0V is outputted to the data line 212. Further, the
transistor 232a comes to an on state when the data signal da is
“01”, and a driving voltage of +15 V (black writing voltage)
is outputted to the data line 212. Furthermore, the transistor
232¢ comes to an on state when the data signal dais “10”, and
adriving voltage of =15V (white writing voltage) is outputted
to the data line 212.

[0062] The electrophoresis display element 213 exhibits
the memory characteristic. Thus, it is necessary to apply the
driving voltage of +15V when making transition from white
(W) to black (B), and to apply the driving voltage of =15V
when making transition from black (B) to white (W). In the
meantime, when holding white (W) to white (W) and black
(B) to black (B), it only needs to refresh the luminance of the
previous white (W) or black (B). In that case, the luminance
of white or black becomes deteriorated if the luminance is not
refreshed, so that an afterimage of the previous screen is
recognized on the display unit 21. Therefore, in a case of
two-gradation type display, for example, it is necessary to
apply a driving voltage of a proper waveform according to the
previous screen data and the update screen data to the data line
212.

[0063] FIG.5-FIG.7 are explanatory charts showing a driv-
ing method of the electronic paper display of FIG. 1. Here-
inafter, the driving method of the electronic paper display will
be described by mainly referring to FIG. 5-FIG. 7.

[0064] Ingraphs of FIG.5 and FIG. 6, the lateral axis shows
the time, and the longitudinal axis shows the voltage or the
luminance. In the display unit 21 (FIG. 4), the electrophoresis
display elements 213 (FIG. 4) are driven in 30 frames, for
example, as shown in FIG. 5. Among the 30 frames, the first
10 frames are black frames (N1), the next 10 frames are white
frames (N2), and the last 10 frames are black frames (N3). In
(a-1) of FIG. 5, shown is the waveform of the driving voltage
applied to the data line 212 (FIG. 4) when the previous screen
is white (W) and the update screen is white (W). Meanwhile,
in (a-2) of FIG. 5, shown is the state of luminance changes in
the pixels in that state.

[0065] That is, in the first black frame (N1), the driving
voltage of +15V is applied to the data line 212 (FIG. 4) for the
time of 10 frames for refreshing, so that the screen becomes
black (B) once. In the next white frame (N2), the driving
voltage of =15V is applied to the data line 212 (FIG. 4) for the
time of 10 frames for refreshing, so that the screen is refreshed
to white (W) luminance. The screen is already being
refreshed to the white luminance in the last black frame (N3),
so that the driving voltage is not applied to the data line 212
(FIG. 4) but O V is applied.

[0066] The reason why refresh of the white luminance is
required for the pixels where white (W) is held as being white
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(W) is that the white luminance of the previous screen is
deteriorated in an image holding period, so that an afterimage
phenomenon where the previous screen remains is generated
unless the white luminance of the pixels and the luminance
are matched when black (B) is switched to white (W). Fur-
ther, the reason why the screen is once changed to black as in
white (W)—=black (B)—=white (W) is that it is necessary to
prevent the electrophoresis display elements 213 (FIG. 4)
from being charged up because an unnecessary DC voltage is
continuously applied when the update of the white luminance
on the pixels continues, for example, unless the DC voltage is
set to 0 V in the time accumulation of the entire driving
waveform. For example, when the update of the white lumi-
nance on the pixels continues, the unnecessary DC voltage is
continuously applied. Thus, the electrophoresis display ele-
ments 213 (FIG. 4) are charged up. To prevent it, the DC
voltage is set to 0 V in the time accumulation of the entire
driving waveform.

[0067] Next, in (b-1) of FIG. 5, shown is the waveform of
the driving voltage applied to the data line 212 (FIG. 4) when
the previous screen is black (B) and the update screen is white
(W). Meanwhile, in (b-2) of FIG. 5, shown is the state of
luminance changes in the pixels in that state. Thatis, ina case
where black (B) is changed to white (W), the driving voltage
is not applied to the data line 212 (FIG. 4) in the black frames
(N1, N3) but the driving voltage of =15V is applied for the
time of 10 frames only in the N2 frame as the white frame.
Thereby, the screen is changed from black (B) to white (W)
during the N2 frame.

[0068] In that case, the DC voltage is not canceled in the
time accumulation of the entire driving waveform. This is
because the DC voltage can be canceled in a case where the
previous screen is black (B), the update screen is white (W),
and the next update screen is black (B) through setting the
driving waveform thereafter changing from white (W) to
black (B) to cancel the DC component with the driving wave-
form changing from black (B) to white (W) of (b-1) in FIG. 5.
With this, it is no risk of having the unnecessary DC voltage
continuously applied, unlike the case of the white luminance
update.

[0069] Further, in (c-1) of FIG. 6, shown is the waveform of
the driving voltage applied to the data line 212 (FIG. 4) when
the previous screen is white (W) and the update screen is
black (B). Meanwhile, in (c-2) of FIG. 6, shown is the state of
luminance changes in the pixels in that state. In (d-1) of FIG.
6, shown is the waveform of'the driving voltage applied to the
data line 212 (FIG. 4) when the previous screen is black (B)
and the update screen is black (B). Meanwhile, in (d-2) of
FIG. 6, shown is the state of luminance changes in the pixels
in that state.

[0070] In order to achieve the driving method described
above, 2x2 LUT group WF(n) as shown in FIG. 7A is pre-
pared for 128 frames, for example. Note here that the LUT
group WF(n) is the LUT of the n-th frame, and n=0, 1, - - -,
127 in a case where there are 128 frames.

[0071] FIG. 7A shows a single lookup table WF(n), in
which a row shows the gradation data of the pixel of the
update screen and a column shows the gradation data of the
pixel of the screen before the update. Data WF11, WF12,
WE21, WF22 at the intersections between each row and col-
umn show “00” (=0V), “10” (==15V), or “01” (=+15V) of
the data signal da.

[0072] Intheblack frame (N1) of the first 10 frames, +15V
is applied to the pixels of white (W)—>white (W) as in (a-1) of
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FIG. 5,0V is applied to the pixels of black (B)—>white (W) as
in (b-1) of FIG. 5, 0 V is applied to the pixels of white
(W)—black (B) as in (c-1) of FIG. 6, and 0V is applied to the
pixels of black (B)—black (B) as in (d-1) of FIG. 6. There-
fore, the WF11(n) of the n-th frame, for example, in the 0-th
to the tenth frames become WF11(0 to 9)=00", WF12(0 to
9)=<00", WF21(0 to 9)="00", and WF22(0 to 9)="01".
[0073] Inthe white frame (N2) of the next 10 frames, =15V
is applied to the pixels of white (W)—white (W), =15 V is
applied to the pixels of black (B)—white (W), 0V is applied
to the pixels of white (W)—black (B), and =15V is applied to
the pixels of black (B)—black (B). Therefore, the WF11(n) of
the n-th frame, for example, in the tenth to the nineteenth
frames become WF11(10 to 19)="107, WF12(10 to
19)=10", WF21(10 to 19)="00", and WF22(10 to 19)=*10".
In the black frame (N3) of the last 10 frames, OV is applied to
the pixels of white (W)—white (W), O V is applied to the
pixels of black (B)—white (W), +15 V is applied to the pixels
of'white (W)—black (B), and +15 V is applied to the pixels of
black (B)—=black (B). Therefore, the WF11(n) of the n-th
frame, for example, in the twentieth to the twenty-ninth
frames become WF11(20 to 29)="00”, WF12(20 to
29)="00", WF21(20 to 29)="01", and WF22(20 to 29)="01".
[0074] Then, as shown in FIG. 7B, the driver data (the data
signal da) is calculated by a driver data calculating module
within the driving section 13 (FIG. 2). That is, 8-bit data (set
of C and N) of Current (4-bit)/Next (4-bit) acquired by syn-
thesizing the pixel data of the previous screen and the pixel
data of the update screen read out from the screen information
data is converted into the data signal da by using WF(n) that
is the n-th frame LUT read out from the LUT group. For
example, WF11(n) is read out in a case where the previous
screen is white and the latter screen is white, WF12(n) is read
out in a case where the previous screen is white and the latter
screen is black, WF21(n) is read out in a case where the
previous screen is black and the latter screen is white, and
WF22(n) is read out in a case where the previous screen is
black and the latter screen is black.
[0075] Inthe data driver 23 (FIG. 4), the value such as “00”
within WF11(n) is converted to a voltage value. The opera-
tions described above are performed for each pixel of the
screen for 30 frames, for example. The explanations provided
heretofore are the case where the screen is of two gradations.
However, the same operations are performed in a case of
sixteen gradations by expanding the LUT to 16x16 matrix.
[0076] FIG. 8 is a sequence chart showing the operations of
the display controller shown in FIG. 2. Hereinafter, explana-
tions will be provided by referring to FIG. 2 and FIG. 8.
[0077] First, the sampling section 11 samples the transmit-
ted image data in a prescribed period, and stores the image
data to the frame memory 16 (region FB#1) (step S11). Sub-
sequently, the difference detecting section 12 compares the
previous screen with the update screen based on the Req
signals from the sampling section 11 to detect the difference
amount (or the movement amount) (step S12). Then, the
difference detecting section 12 determines the driving mode
by using following expressions to determine whether or not to
transmit the update signal to the driving section 13 (step S13).

[0078] Difference amount=threshold value 1= output

update signal
[0079] Threshold value 1>difference amount=>do not
output update signal

[0080] The driving section 13 starts the operation upon
receiving the update signal to output the driver data and
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generate the control signal (step S15). When the update signal
is not received, the driving section 13 does not start the
operation. Thus, the driving section 13 does not output the
driver data in that case (step S14).

[0081] Forsetting the proper threshold value 1, it may be set
with 10 pix (pixels) when the character is of 10 pt (points), for
example. It is because the screen becomes updated for a noise
in a case where “the threshold value 1=0".

[0082] Detection of the difference amount in the above
explanations may be detection of the movement amount that
may be used in moving picture compensation. The resolution
of the input image and the resolution of the display unit 21
may be different. For example, in a case where the input
image is VGA (640x480) and the resolution of the display
unit 21 is UXGA (1600x1200), the difference detection and
update judgment are done with the VGA screen, and the
image can be expanded and outputted as UXGA when it is
judged to update the screen.

[0083] Further, in order to prevent the screen update by the
noise, following processing may be executed. That is, level-
ing processing and filtering processing for eliminating high-
frequency components are executed on the input image, and
detection of the difference amount is conducted on the filtered
screen. When the difference amount is larger than the thresh-
old value, the screen update is executed. In this case, the
screen update is executed by the input image data that has not
been filtered.

[0084] Next, a power sequence of the first exemplary
embodiment will be described by referring to FIG. 1.

[0085] The entire operations of the image display device 30
will be described form the viewpoint of the power sequence.
In the sequence, three periods of a sampling period of a
specific time interval (1 Hz, for example), an image holding
period, and an image update period when updating the image
are repeated. Management of those is executed by the power
supply management section 33.

[0086] The electrophoresis display elements configuring
the display unit 21 exhibit the memory characteristic. Thus, in
the image holding period, the circuits regarding display do
not need to operate. Therefore, in the image holding period,
the powers of the display controller 10, the frame memory 16,
and the display power supply circuit 34 for supplying the
power to each driver are in an off state or the circuits thereof
are in a sleep state.

[0087] Then, the power supply management section 33
turns on the power or wakes up the display controller 10 and
the frame memory 16 in every sampling period that comes at
aprescribed time interval. At this time, in the display control-
ler 10, at least the sampling section 11 is started up to start
reception of the image data upon receiving a start signal (a
vertical synchronous signal such as Vsync, for example) of
the image data to write the data of one screen (one frame) to
the frame memory 16. Then, the difference detecting section
12 of the display controller 10 stores the previous screen data
stored in a nonvolatile memory (not shown), for example, to
the frame memory 16, and performs detection of the differ-
ence between the current screen and the previous screen.
When the difference amount is equal to or larger than the
threshold value, the period is shifted to the image update
period after storing the screen data of the current screen to the
nonvolatile memory. When the difference amount is less than
the threshold value, the period is shifted to the image holding
period.
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[0088] Intheimage update period, the power of the display
controller 10, the frame memory 16, and the display power
supply circuit 34 comes to be in an on state, so that the entire
circuit wakes up. Then, the driving section 13 of the display
controller 10 calculates the driver data from the LUT data and
image data read from the frame memory 16, and outputs the
data signal (the driver data) to the data driver 23. In a case
where update of one screen is not completed after the data
signal is outputted from the driving section 13, calculation
and output of the driver data are repeated further. After the
operations described above are performed for a driving
period, the power for display is turned to an off state, and the
processing is returned to the step of the image holding period.
[0089] As described above, the sampling period (1 Hz) of
the sampling section 11 is slower than the frame rate (60 Hz)
of the image data, so that the merit of the electronic paper
display 20, i.e., super low consumption, can be maintained
even when the image data is continuously inputted. It is
because the image holding period other than the sampling
period and the image update period is in a power-off state or
on a sleep state except the power supply management section
33, and the display power supply circuit 34 is turned oft also
in the sampling period. This is different from a case where the
frame rate of the input image and the sampling period match
with each other as in the case of a moving picture processing
circuit of a typical liquid crystal display device.

[0090] Through the above, with the first exemplary
embodiment, the screen data is captured and sampled in a
prescribed period for the image data transmitted continu-
ously, and judgment is made whether or not to perform rewrit-
ing autonomously. Thus, there is no risk of having the screen
switched in a blinking manner when the screen of a same
content is to be displayed. Therefore, the user does not mis-
understand that the screen is switched. Further, in a case
where the filtering processing is executed for the noise, it is
possible to prevent the screen from being updated wrongfully.
[0091] As an exemplary advantage according to the inven-
tion, it is possible to avoid screen update by the same image
data as the previous image data through determining to update
the screen by latter image data when a difference amount
showing the difference between two pieces of consecutively
inputted image data is equal to or larger than the threshold
value. This makes it possible to prevent insertion of unneces-
sary refresh screen in the electronic paper display, so that it is
possible to dissipate such problem of displaying a same
image in a blinking manner. Therefore, it is possible to dis-
play an image properly on the electronic paper display even
when the image data is transmitted continuously from the
host of the existing LCD display system, for example.
[0092] FIG. 9 is a block diagram showing a display con-
troller according to a second exemplary embodiment. FIG. 10
is a block diagram showing a difference detecting section of
FIG. 9. FIG. 11 is a sequence chart showing operations of the
display controller according to the second exemplary
embodiment. Hereinafter, the second exemplary embodiment
will be described by referring to FIG. 9-FIG. 11.

[0093] The threshold value of the difference amount in the
second exemplary embodiment is configured with a threshold
value 1 (a first threshold value) and a threshold value 2 (a
second threshold value) which is smaller than the threshold
value 1. As shown in FIG. 9, the display controller 10' as the
image display control device of the second exemplary
embodiment includes a sampling section 11', a difference
detecting section 12', and a driving section 13'. As shown in
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FIG. 10, the difference detecting section 12' includes a com-
paring section 121, a counter 122, and an update signal out-
putting section 123'.
[0094] The difference detecting section 12' judges that the
latter image data is a still picture when the difference amount
is equal to or lager than the threshold value 1, and instructs the
driving section 13' to generate a driving signal corresponding
to the still picture. The difference detecting section 12' judges
that the latter image data is a moving picture when the differ-
ence amount is less than the threshold value 1 and equal to or
larger than the threshold value 2, and instructs the driving
section 13' to generate a driving signal corresponding to the
moving picture.
[0095] At this time, the driving section 13' may instruct the
sampling section 11' to input a specific number of pieces of
image data even in a prescribed period when generating the
driving signal corresponding to the moving picture. The sam-
pling section 11' upon receiving that instruction may synthe-
size a plurality of pieces of inputted image data, and may
generate the driving signal for the synthesized image data.
[0096] Further, when the applied voltage for each pixel
configuring the screen is determined based on the image data,
the applied voltage for each pixel according to the synthe-
sized image data may be considered as values according to the
earliest inputted image data that is not “0” among a plurality
of'applied voltages by the plurality of pieces of image data to
be synthesized. With the display controller 10' of the second
exemplary embodiment, it is possible to improve the visibility
of'the moving picture in addition to achieving the same opera-
tions and effects as those of the display controller 10 (FIG. 2
and the like) of the first exemplary embodiment. Other struc-
tures of the display controller 10' of the second exemplary
embodiment are the same as those of the display controller
(FIG. 2 and the like) of the first exemplary embodiment.
[0097] Hereinafter, the display controller 10' will be
described in more details.
[0098] The sampling section 11' samples the continuously
transmitted image data in 1 s (second) period, for example,
and fetches the data into the frame memory 16. The compar-
ing section 121 and the counter 122 of the difference detect-
ing section 12' receive a Req signal from the sampling section
11', and detect the number of pixels exhibiting a difference
between the fetched image data (the latter image data) and the
image data (previous image data) of the previous screen over
the entire screen. Subsequently, the update signal output sec-
tion 123' of the difference detecting section 12' compares the
difference amount configured with the number of pixels with
the two preset threshold values 1 and 2 to execute following
judgment.
[0099] Difference amount is equal to or larger than
threshold value 1= still picture mode
[0100] Difference amount is less than threshold value 1
and equal to or larger than threshold value 2 = moving
picture mode
[0101] Difference amount is less than threshold value 2
= not updated
[0102] The update signal outputting section 123' outputs
the screen update signals and the driving mode to the driving
section 13' when it is judged as the still picture mode and the
moving picture mode. Meanwhile, when it is judged as “not
updated”, the update signal outputting section 123' does not
output those signals to the driving section 13'.
[0103] The driving section 13' starts the operation upon
receiving the update signal from the difference detecting sec-
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tion 12, reads out the image data (the previous image data) of
the previous screen and the image data of an update image
(the latter image data) from the frame memory 16, determines
the driving waveform corresponding to those image data
based on the lookup table data, generates the driver data
(driving signal), and generates control signals (driving sig-
nals) of the data driver 23 (FIG. 1) and the gate driver 22 (FIG.
1). In a case of the moving picture mode, the driving section
13' sets a new sampling period minutely in addition to the
normal sampling period, requests the sampling section 11' to
fetch the image data at the time of new sampling, performs the
same processing also on the newly fetched image data, and
updates the driver data also at the time of the new sampling.
[0104] Next, operations of the display controller 10' will be
described by referring to FIG. 9 and FIG. 11. First, the sam-
pling section 11' samples the transmitted image data in a
prescribed period, and stores the image data to the region
FB#1 of the frame memory 16 according to a Req signal from
the difference detecting section 12' (step S21). Subsequently,
the difference detecting section 12' compares the previous
screen with the update screen to detect the difference amount
(or the movement amount) (step S22). Then, the difference
detecting section 12' determines the driving mode by using
following expressions, and outputs the result to the driving
section 13' (step S23).

[0105] Difference amountZ=threshold value 1= still

picture mode
[0106] Threshold value 2=difference amount<threshold
value 1= moving picture mode

[0107] Threshold value 2>difference amount= not
updated
[0108] Inacaseofthestill picture mode and “not updated”,

the driving section 13' operates in the same manner as that of
the first exemplary embodiment. In the meantime, in a case of
the moving picture mode, the driving section 13' initializes
the regions #FB2 to #B4 of the frame memory 16 (step S24),
and requests the sampling section 11' to fetch the image data
in a still shorter period (step S28). The sampling section 11'
stores the image data to the regions #FB2 to #FB4 in the
fetched order (step S29). Subsequently, the processing is
advanced to (*2), and the driving section 13' reads out the
image data from the regions FB#1 to FB4 for each pixel, and
determines the driving voltage for each of the regions FB#1 to
FB4 according to the driving waveform LUT (step S25).
Then, the driving section 13' synthesizes those image data
according to a priority order (if not 0 V then #1>#2>#3>#4)
(step S26). Note here that “if not 0 V then #1>#2>#3>#4"
means to employ the driving voltage corresponding to the
earliest input region, which is not 0 V, out of the driving
voltages corresponding to the regions FB#1 to FB4. Subse-
quently, the driving section 13' outputs the driver data (step
S27). Then, when the processing for the necessary frame
number is completed (Y), the procedure is advanced to (*1).
[0109] When the processing for the necessary frame num-
ber is not completed, the procedure advances to step S28. In
step S22, the movement amount by the moving picture com-
pensation may be detected instead of detecting the difference
amount.

[0110] FIG. 12-FIG. 14 are explanatory charts showing a
driving method of the electronic paper display according to
the second exemplary embodiment. Hereinafter, explanations
will be provided by referring to those drawings. Note that
EPD (Electrophorestic Display) is an abbreviation of the
electronic paper display.



US 2011/0157256 Al

[0111] First, the background of the second exemplary
embodiment will be described by referring to FIGS. 12A-
12C. There is considered a case where the image data is
sampled in a prescribed period for the image data (FIG.12A)
transmitted continuously and the screen is updated (FIG.
12C). About 1 second (60 Hz, 60 frames) is required for
updating the screen of the electronic paper display. In a case
of'a cursor of a mouse or the like, it stays in a prescribed time,
for example, and the color becomes thicker. Then, after 60
frames, the cursor suddenly moves to the position of after 60
frames. Thus, there is an uncomfortable feeling of the so-
called non-smoothness (an uncomfortable feeling of viewing
a frame-to-frame display) (FIG. 12C). In a case of a liquid
crystal display device, acquired is a display as shown in FIG.
12B, since the frame rate of the input image and the sampling
period match with each other.

[0112] Therefore, a drive mode different from that of the
still picture is necessary for updating the moving-picture
screen such as the case of the mouse. Further, it is preferable
to be able to automatically switch the moving picture mode
and the still picture mode. The reason for not using the mov-
ing picture mode for all the cases is that the moving picture
mode is not preferable for the still picture. That is, as will be
described later, it is because the moving picture mode is an
overwriting mode, so that the so-called “tailing” is generated.

[0113] Thus, the second exemplary embodiment is
designed to sample the image data transmitted continuously
from the host (PC) in every prescribed period, detect the
difference amount (or the movement amount) with respect to
the previous screen at the time of sampling, compare the
difference amount with the two proper threshold values 1 and
2, and make judgment as follows. For the moving picture
mode, additional image sampling is conducted in addition to
the normal image sampling.

[0114] Difference amount is equal to or larger than
threshold value 1= still picture mode

[0115] Difference amount is less than threshold value 1
and equal to or larger than threshold value 2 = moving
picture mode

[0116] Difference amount is less than threshold value 2
= not updated

[0117] Next, details of the moving picture mode according
to the second exemplary embodiment will be described by
using FIGS. 13A-13D. In FIG. 13, the first row (FIG. 13A)
shows the image data transmitted to the display controller 10"
(FIG. 9) when the time is taken as the lateral axis, which
shows a case where the cursor of the mouse moves. The
mouse is clicked at T=t0. Thus, at T<t0, the cursor is not
shown, while the cursor appears in the image data at T=t0.
Then, the cursor moves to the right in a period of T=t0 to t2.

[0118] The second row (FIG. 13B) shows the image data of
the previous screen within the frame memory 16 (FIG. 9), and
the third row (FIG. 13C) shows the image data of the update
screen within the frame memory 16 fetched at T=t. The dis-
play controller 10" (FIG. 9) fetches the image data of the
update screen at T=t, and then compares it with the image data
of'the previous screen. When the difference amount (the total
sum of the different pixels on the both data over the entire
screen) between the previous screen and the update screen is
larger than the threshold value 1 that is set in advance, com-
pletely different screens are to be displayed. Thus, the still
picture mode is employed. In the meantime, when the differ-
ence amount is smaller than the threshold value 1 and larger
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than the threshold value 2, it is judged that the screen changes
gradually. Thus, the moving picture mode is employed.
[0119] The fourth row (FIG. 13D) shows an image of the
output screens of the display unit 21 (FIG. 1). In FIGS.
13A-13D, at T=t0, the cursor appears. Thus, the still picture
mode is selected. At T=t1, only the cursor is moving. Thus,
the moving picture mode is selected. Further, in a period of
T=t0 to t1, the still picture mode is employed. Thus, the
update screen gradually emerges in a statical manner. That is,
the cursor of the mouse gradually emerges at the same posi-
tion. In the meantime, the moving picture mode is selected at
T=t1.

[0120] In the moving picture mode, new image samplings
t=tla, t=t1b, and t=tlc are added between the normal input
samplings t=1 and t=2. The sampling period for inputting the
additional images may be set shorter than the response time of
the display unit 21 (FIG. 1). In the new sampling, executed is
only fetching of the image data, and no judgment on driving
according to the difference amount is done. Each of the newly
fetched image data is fetched into different regions of the
frame memory 16 (FIG. 9). The frame memory 16 (FIG. 9)
holds each of the image data, so that each image data can be
synthesized. Thus, it is possible to overwrite and display the
screens newly fetched at T=tla, T=t1b4, and T=tlc while
displaying the screen of the previous sampling (T=t1). This
makes it possible to achieve smooth shift even though there is
tailing of the cursor of the mouse being generated. Therefore,
the instant responsiveness can be improved compared to the
still picture mode.

[0121] Next, an image data synthesizing method will be
described. In FIG. 14, the lateral axis is the time. Further, the
first row ((1) of FIG. 14) shows the image data stored in the
region FB#1 of the frame memory 16 (FIG. 9) sampled at
T=t1 (FIGS. 13A-13D). The second row ((2) of FIG. 14)
shows the image data stored in the region FB#2 of the frame
memory 16 (FIG. 9) sampled at T=t1a (FIGS.13A-13D). The
third row ((3) of FIG. 14) shows the image data stored in the
region FB#3 of the frame memory 16 (FIG. 9) sampled at
T=t16 (FIGS. 13A-13D). The fourth row ((4) of FIG. 14)
shows the image data stored in the region FB#4 of the frame
memory 16 (FIG. 9) sampled at T=tic (FIGS. 13A-13D). The
fifth row ((8) of FIG. 14) shows the output image of EPD.
[0122] Each of the image data stored in the regions FB#1 to
FB#4 is converted to the driving waveform according to the
lookup tables set for each of the regions. The method for
converting to the driving waveforms is the same as that of the
first exemplary embodiment, so that explanations thereof are
omitted.

[0123] As the driving voltage contained in the outputted
driving waveform, there are four driving voltages of VFB#1,
VFB#2, VFB#3, and VFB#4 by corresponding to each of the
regions for each pixel. Among those, the driving voltage,
which is not O V, in the priority order of
FB#1>FB#2>FB#3>FB#4, i.e., the pixel voltage data fetched
in the earliest order, is prior to others as the final pixel voltage
data (applied voltage).

[0124] For example, when the driving voltages of the pixel
1, J) are VFB#1=0 V, VFB#2=15 V, VFB#3=-15 V, and
VFB#4=0V, “VFB#2=15 V” is the final output driving volt-
age. Thereby, it is possible to overwrite and display the newly
fetched screen at T=t1a, T=t1b, T=tlc over the position of the
cursor of the new mouse even though the previous screen data
emerges gradually. This makes it possible to achieve smooth
shift even though there is tailing of the cursor of the mouse
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being generated. Therefore, the instant responsiveness can be
improved compared to the still picture mode.

[0125] In the second exemplary embodiment, the priority
order of the driving voltages that are not 0 V is set as
FB#1>FB#2>FB#3>FB#4. However, the priority order may
be set as FB#1<FB#2<FB#3<FB#4 or may be set in other
orders, even though the viewed grade on the display may
become different.

[0126] Inother words, the present invention has the follow-
ing structures.
[0127] (1) The present invention is a display device which

includes: a display controller having a sampling section that
samples continuously transmitted image data by every pre-
scribed period and a difference detecting section that deter-
mines whether or not to perform update based on a difference
value (or a movement amount) between a previous image and
an update image; and an electronic paper display. Further,
whether or not to update the display is determined as follows.

[0128]

[0129]
update

[0130] For determining the difference amount, the previous
screen and the update screen are compared by each pixel to
judge whether or not those are in a same gray scale. When
those are different, a counter is count up. When the counter
value in the entire screen is larger than the threshold value,
update is conducted. When the counter value is smaller than
the threshold value, update is not conducted.
[0131] (2) The present invention is a display device which
includes: a display controller having a sampling section that
samples continuously transmitted image data by every pre-
scribed period and a difference detecting section that deter-
mines the driving mode based on a difference value (or a
movement amount) between a previous image and an update
image; and an electronic paper display. Further, whether or
not to update the display is determined as follows.

[0132] Difference amount=threshold value 1= still

picture mode

[0133] Threshold value 1=difference amount>threshold
value2= moving picture mode
[0134] Difference amount<threshold value 2= do not
update
[0135] Inthe moving picture mode, additional sampling is
conducted during the sampling of every prescribed period,
and the image data acquired in a plurality of those periods are
synthesized and outputted to the display unit.
[0136] (3) The image data synthesizing method is as fol-
lows, for example. For the image data fetched sequentially in
each region of the frame memory within each of the sampling
periods, the driving voltages are determined according to the
respective LUTs. Further, for each pixel, among the driving
voltages determined in each region of the respective frame
memories, the driving voltages that are not 0 V and corre-
spond to the region of the youngest number (i.e., fetched
earliest) are synthesized as the final driving voltage.

Difference amount=threshold value= update
Difference amount<threshold value<= do not

[0137] In other words, the present invention achieves fol-
lowing effects.
[0138] (1) The image data transmitted continuously is cap-

tured and sampled in a prescribed period, and judgment on
whether or not to perform rewriting autonomously is con-
ducted. Thus, even with a system having an isolated host
(PC), it is possible to avoid such inconvenience that the user
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misunderstand that the screen is switched because the screen
becomes switched in a blinking manner when the same
screens are displayed.

[0139] (2) For the image data transmitted continuously, the
moving picture mode for regenerating the movement of the
mouse and the like and the still picture mode are automati-
cally judged for display. Thus, it is possible to avoid such
inconvenience of displaying the moving picture non-
smoothly, and any images can be displayed without causing
an uncomfortable feeling.

[0140] While the present invention has been described by
referring to each of the above-described exemplary embodi-
ment, the present invention is not limited to each of those
exemplary embodiments. Various changes occurred to those
skilled in the arts can be applied to the structures and the
details of'the present invention. Further, it is to be understood
that the present invention includes those that are formed by
properly combining a part of or a whole part of the structures
of each of the above-described exemplary embodiments.
[0141] A part of or a whole part of the above-described
exemplary embodiments can be depicted as in following
Supplementary Notes. Note, however, that the present inven-
tion is not limited only to the following structures.

[0142] (Supplementary Note 1) An image display control
device which outputs a driving signal for screen display to an
electronic paper display that displays a refresh screen before
updating and displaying a screen, and the image display con-
trol device includes: a sampling section that inputs one piece
of' image data in every prescribed period from a plurality of
continuously transmitted image data which corresponds to
one screen of the electronic paper display; a difference detect-
ing section that detects a difference amount showing a difter-
ence between previous image data and latter image data of
two pieces of the consecutive image data inputted by the
sampling section, and determines to perform screen update by
using the latter image data when the difference amount is
equal to or larger than a threshold value; and a driving section
that generates the driving signal for the latter image data and
outputs the driving signal to the electronic paper display when
the screen update is determined by the difference detecting
section.

[0143] (Supplementary Note 2) The image display control
device depicted in Supplementary Note 1, wherein the difter-
ence detecting section compares a gray scale of the previous
image data and a gray scale of the latter image data for each
pixel configuring the screen, and takes number of the pixels
where the two gray scales do not match with each other as the
difference amount.

[0144] (Supplementary Note 3) The image display control
device depicted in Supplementary Note 1 or 2, wherein: the
threshold value includes a first threshold value and a second
threshold value that is smaller than the first threshold value;
and the difference detecting section judges that the latter
image is a still picture when the difference amount is equal to
or larger than the first threshold value, and instructs the driv-
ing section to generate the driving signal corresponding to the
still picture, and judges that the latter image data is a moving
picture when the difference amount is less than the first
threshold value and equal to or larger than the second thresh-
old value, and instructs the driving section to generate the
driving signal corresponding to the moving picture.

[0145] (Supplementary Note 4) The image display control
device depicted in Supplementary Note 3, wherein, when
generating the driving signal corresponding to the moving
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picture, the driving section instructs the sampling section to
input a prescribed number of pieces of the image data even in
the prescribed period, synthesizes a plurality of the image
data inputted by the sampling section upon receiving that
instruction, and generates the driving signal for the synthe-
sized image data.

[0146] (Supplementary Note 5) The image display control
device depicted in Supplementary Note 4, wherein, when an
applied voltage for each pixel configuring the screen is deter-
mined according to the image data, the applied voltage of
each pixel according to the synthesized image data is a value
according to the image data inputted earliest, which is not “0”,
among a plurality of applied voltages according to the plural-
ity of pieces of image data to be synthesized.

[0147] (Supplementary Note 6) The image display control
device depicted in any one of Supplementary Notes 1 to 5,
wherein the electronic paper display is a type that uses a
microcapsule-type electrophoresis display element.

[0148] (Supplementary Note 7) An image display device,
which includes: the image display control device depicted in
any one of Supplementary Notes 1 to 6; and the electronic
paper display.

[0149] (Supplementary Note 8) An image display control
method for outputting a driving signal for screen display to an
electronic paper display that displays a refresh screen before
updating and displaying a screen, and the image display con-
trol method includes: inputting one piece of image data in
every prescribed period from a plurality of continuously
transmitted image data which corresponds to one screen of
the electronic paper display; detecting a difference amount
showing a difference between previous image data and latter
image data of two pieces of the consecutive input image data,
and determining to perform screen update by using the latter
image data when the difference amount is equal to or larger
than a threshold value; and generating the driving signal for
the latter image data and outputting the driving signal to the
electronic paper display when the screen update is deter-
mined.

[0150] (Supplementary Note 9) The image display control
method depicted in Supplementary Note 8, which includes,
when detecting the difference amount, comparing a gray
scale of the previous image data and a gray scale of the latter
image data for each pixel configuring the screen, and taking
number of the pixels where the two gray scales do not match
with each other as the difference amount.

[0151] (Supplementary Note 10) An image display control
program for causing a computer to function as a module
which outputs a driving signal for screen display to an elec-
tronic paper display that displays a refresh screen before
updating and displaying a screen, and the image display con-
trol program causes the computer to function as: a module
that inputs one piece of image data in every prescribed period
from a plurality of continuously transmitted image data
which corresponds to one screen of the electronic paper dis-
play; a module that detects a difference amount showing a
difference between previous image data and latter image data
of two pieces of the consecutive input image data, and deter-
mines to perform screen update by using the latter image data
when the difference amount is equal to or larger than a thresh-
old value; and a module that generates the driving signal for
the latter image data and outputs the driving signal to the
electronic paper display when the screen update is deter-
mined.

INDUSTRIAL APPLICABILITY

[0152] The present invention can be utilized for an elec-
tronic paper display that displays a refresh screen before
updating and displaying a screen.
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What is claimed is:

1. An image display control device which outputs a driving
signal for screen display to an electronic paper display that
displays a refresh screen before updating and displaying a
screen, the image display control device comprising:

a sampling section that inputs one piece of image data in
every prescribed period from a plurality of continuously
transmitted image data which corresponds to one screen
of the electronic paper display;

a difference detecting section that detects a difference
amount showing a difference between previous image
data and latter image data of two pieces of the consecu-
tive image data inputted by the sampling section, and
determines to perform screen update by using the latter
image data when the difference amount is equal to or
larger than a threshold value; and

a driving section that generates the driving signal for the
latter image data and outputs the driving signal to the
electronic paper display when the screen update is deter-
mined by the difference detecting section.

2. The image display control device as claimed in claim 1,

wherein

the difference detecting section compares a gray scale of
the previous image data and a gray scale of the latter
image data for each pixel configuring the screen, and
takes number of the pixels where the two gray scales do
not match with each other as the difference amount.

3. The image display control device as claimed in claim 1,

wherein:

the threshold value includes a first threshold value and a
second threshold value that is smaller than the first
threshold value; and

the difference detecting section

judges that the latter image is a still picture when the
difference amount is equal to or larger than the first
threshold value, and instructs the driving section to gen-
erate the driving signal corresponding to the still picture,
and

judges that the latter image data is a moving picture when
the difference amount is less than the first threshold
value and equal to or larger than the second threshold
value, and instructs the driving section to generate the
driving signal corresponding to the moving picture.

4. The image display control device as claimed in claim 3,
wherein

when generating the driving signal corresponding to the
moving picture, the driving section instructs the sam-
pling section to input a prescribed number of pieces of
the image data even in the prescribed period, synthesizes
a plurality of the image data inputted by the sampling
section upon receiving that instruction, and generates
the driving signal for the synthesized image data.

5. The image display control device as claimed in claim 4,

wherein

when an applied voltage for each pixel configuring the
screen is determined according to the image data, the
applied voltage of each pixel according to the synthe-
sized image data is a value according to the image data
inputted earliest, which is not “0”, among a plurality of
applied voltages according to the plurality of pieces of
image data to be synthesized.
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6. The image display control device as claimed in claim 1,
wherein

the electronic paper display is a type that uses a microcap-

sule-type electrophoresis display element.

7. An image display device, comprising:

the image display control device claimed in claim 1; and

the electronic paper display.

8. An image display control method for outputting a driv-
ing signal for screen display to an electronic paper display
that displays a refresh screen before updating and displaying
a screen, the image display control method comprising:

inputting one piece of image data in every prescribed

period from a plurality of continuously transmitted
image data which corresponds to one screen of the elec-
tronic paper display;

detecting a difference amount showing a difference

between previous image data and latter image data of
two pieces of the consecutive input image data, and
determining to perform screen update by using the latter
image data when the difference amount is equal to or
larger than a threshold value; and

generating the driving signal for the latter image data and

outputting the driving signal to the electronic paper dis-
play when the screen update is determined.

9. The image display control method as claimed in claim 8,
comprising

when detecting the difference amount, comparing a gray

scale of the previous image data and a gray scale of the
latter image data for each pixel configuring the screen,
and taking number of the pixels where the two gray
scales do not match with each other as the difference
amount.

10. A non-transitory computer readable recording medium
storing an image display control program for causing a com-
puter to function as a module which outputs a driving signal
for screen display to an electronic paper display that displays
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a refresh screen before updating and displaying a screen, the
image display control program causing the computer to func-
tion as:

a module that inputs one piece of image data in every
prescribed period from a plurality of continuously trans-
mitted image data which corresponds to one screen of
the electronic paper display;

a module that detects a difference amount showing a dif-
ference between previous image data and latter image
data of two pieces of the consecutive input image data,
and determines to perform screen update by using the
latter image data when the difference amount is equal to
or larger than a threshold value; and

a module that generates the driving signal for the latter
image data and outputs the driving signal to the elec-
tronic paper display when the screen update is deter-
mined.

11. Image display control means for outputting a driving
signal for screen display to an electronic paper display that
displays a refresh screen before updating and displaying a
screen, the image display control means comprising:

sampling means for inputting one piece of image data in
every prescribed period from a plurality of continuously
transmitted image data which corresponds to one screen
of the electronic paper display;

difference detecting means for detecting a difference
amount showing a difference between previous image
data and latter image data of two pieces of the consecu-
tive image data inputted by the sampling means, and
determining to perform screen update by using the latter
image data when the difference amount is equal to or
larger than a threshold value; and

driving means for generating the driving signal for the
latter image data and outputting the driving signal to the
electronic paper display when the screen update is deter-
mined by the difference detecting means.
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